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POLYMER, METHOD FOR PRODUCING THE
SAME, AND RESIST COMPOSITION
CONTAINING THE SAME

TECHNICAL FIELD

The present mvention relates to a novel copolymer, a
method for producing the polymer, and a resist composition
containing the copolymer, and more particularly, to a copoly-
mer which, when applied to lithography including extreme
ultraviolet (EUV) lithography, can give a satisfactory resist
pattern with high sensitivity, high resolution, high etching
resistance, and a reduced amount of outgas, as well as a
method for producing the copolymer, and a resist composi-
tion containing the copolymer.

BACKGROUND ART

Along with the recent high integration of semiconductor
clements, there 1s a growing tendency to produce ultra-large
scale integrations, and there 1s a demand for the development
ol a technology for forming ultrafine patterns having a line
width of 0.10 micrometers or less in lithographic processes.

Accordingly, the wavelength of the light used 1n exposure
processes 1s even shortened from the region of conventionally
used g-line and 1-line, and therefore, attention 1s being paid to
studies on lithography using far-ultraviolet radiation, KrF
excimer laser light, ArF excimer laser light, EUV, X-radia-
tion, electron beam and the like.

Particularly, in connection with the light source, electron
beam lithography has been valued as a next-generation or
next next-generation pattern formation technology, and in
this regard, development of a high sensitivity and high reso-
lution positive type resist 1s desired.

On the other hand, high sensitivity 1s 1n direction relation-
ship with the processing speed of the lithographic process.
This 1s because high sensitivity is related to the power source
of an electron beam, and as the sensitivity of a resist 1s higher,
pattern formation 1s enabled even by a power source with a
smaller amount of energy; however, sensitivity 1s poor, and a
power source with a higher amount of energy 1s required.

However, 1n the case of an electron beam, the light of the
clectron beam tends to be absorbed by matter, and therefore,
with regard to EUV lithography, there has been an attempt to
supplement such a characteristic by using a reflector. How-
ever, the reflectors used for EUV lithography do not have a
reflection efficiency of 100% so that there are difficulties in
enhancing the performance of power sources.

In regard to positive resists for electron beam, since sensi-
tivity, resolution and line edge roughness are 1n a complemen-
tary relationship of trading ofl each other, when an increase in
the sensitivity 1s promoted, the resolution 1s decreased, and
line edge roughness 1s deteriorated. Therefore, there 1s a
strong demand for the development of a resist which can
satisfy the characteristics of sensitivity, resolution and line
edge roughness all at the same time.

Conventional resist materials that have been generally used
for g-line, 1-line, KrF and ArF are chemically amplified resists
(CAR), and copolymers produced by radical polymerization
have been mainly used.

Specifically, when a solution of a polymer resist material
such as polymethyl methacrylate, polyhydroxystyrene hav-
ing an acid-dissociating reactive group, or polyalkyl meth-
acrylate 1s applied on a substrate to produce a resist thin film,
and the resist thin film 1s 1irradiated with ultraviolet radiation,
far-ultraviolet radiation, electron beam, extreme ultraviolet
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2

radiation, or X-radiation, a line pattern having a line width of
about 45 to 100 nm can be formed.

However, such a polymeric resist based on a copolymer
generally has a molecular weight as large as about 20,000 to
100,000, and the molecular weight distribution 1s also rela-
tively broad. Therefore, during the process of forming a fine
pattern, roughness 1s likely to occur, and it 1s difficult to
control the dimension of the pattern, so that the product yield
may be lowered. Therefore, there are limitations 1n pattern
miniaturization in the conventional lithographic technology
of using polymeric resist materials.

In order to produce finer lithographic patterns, studies have
been conducted on various resist materials. But, those single
molecule type resist compounds that are currently known
have problems such as low etching resistance, a large amount
of outgas, low solubility 1n the safety solvents used 1n semi-
conductor production processes, and poor resist pattern
shapes. Thus, there 1s a demand for a novel resist material

which can simultaneously satisty complementary character-
1stics such as a satistactory pattern shape with high sensitivity
and high resolution, and satisfactory line edge roughness.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

An object of the present invention is to provide a novel
copolymer which exhibits high heat resistance at the time of
application to resists, has excellent film forming properties, 1s
hardly sublimable, and 1s capable of enhancing alkali devel-
opability and etching resistance. Another object of the present
invention 1s to provide a method for producing the above-
described copolymer, and a resist composition containing the
above-described copolymer.

Means for Solving the Problem

According to an aspect of the present invention, there 1s
provided a copolymer containing a repeating unit represented
by the following formula (1):

|Chemuical Formula 1]

R

[l

R, R3 )\ Rs

O O
R4 nl R¢

wherein R, represents any one selected from the group con-
sisting of an alkanediyl group, a heteroalkanediyl group, a
cycloalkanediyl group, a heterocycloalkanediyl group, an
arylene group, a heteroarylene group, and an alkylarylene
group; R, represents any one selected from the group consist-
ing of a hydrogen atom, an alkyl group, a heteroalkyl group,
a cycloalkyl group, a heterocycloalkyl group, an aryl group, a
heteroaryl group, an alkoxy group and an alkylalkoxy group;
R;, R4, R: and R, each independently represent any one
selected from a hydrogen atom and an alkyl group having 1 to
S carbon atoms; nl represents an integer from 0 to 10; and n2
represents an integer from 0 to 10.

R, may be any one selected from the group consisting of
moieties represented by the following formulas (1-1) to (1-4).

12



US 8,853,345 B2

|Chemuical Formula 1-1]

|Chemical Formula 1-2]

10

M
42
)

”m,%

|Chemical Formula 1-3] 15

‘/*é ‘ N
\/\Rl[} ‘\/ N

(RCZ)p 32

|Chemical Formula 1-4]

‘/\ 25

In the tormulas (1-1)to (1-4),R_,, R,,,R,,,R_,,R_, and
R ;, each independently represent any one selected from the
group consisting of an alkyl group having 1 to 10 carbon
atoms and an alkoxy group having 1 to 10 carbon atoms; R,
represents any one selected from the group consisting of O,
NR', S and CO; R' represents any one selected from a hydro-
gen atom and an alkyl group having 1 to 5 carbon atoms; p, ,
represents an integer from 1 to 14; p,, and p,, each indepen-
dently represent an integer from 1 to 4, while the sum of p,,
and p,, 1s not greater than 6; p,, and p;, each independently
represent an integer from 1 to 5, while the sum of p,, and p;,
1s not greater than 8; and p,,, represents an integer from 1 to 4.

The copolymer may have a weight average molecular
weight as measured by gel permeation chromatography of
500 to 100,000 g/mol.

According to another aspect of the present invention, there
1s provided a method for producing a copolymer containing a
repeating unit represented by the above formula (1), the
method mncluding a step of allowing a compound represented
by the following formula (2) and a compound represented by
the following formula (3) to react 1n the presence of a basic
catalyst.
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|Chemical Formula 2]

X
| 55
Ro—0O (‘?H
X
|Chemical Formula 3]
O O
R; 60
R, Rs
HO OH
R4 nl Rﬁ 2

63
wherein 1n the formulas (2) and (3), R, represents any one
selected from the group consisting of an alkanediyl group, a

4

heteroalkanediyl group, a cycloalkanediyl group, a heterocy-
cloalkanediyl group, an arylene group, a heteroarylene group
and an alkylarylene group; R, represents any one selected
from the group consisting of a hydrogen atom, an alkyl group,
a hetoroalkyl group, a cycloalkyl group, a heterocycloalkyl
group, an aryl group, a heteroaryl group, an alkoxy group and
an alkylalkoxy group; R;, R, R and R, each independently
represent any one selected from a hydrogen atom and an alkyl
group having 1 to 5 carbon atoms; X, and X, each indepen-
dently represent any one selected from the group consisting of
a halogen atom and an alkoxy group having 1 to 10 carbon
atoms; nl represents an integer from O to 10; and n2 repre-
sents an mteger from O to 10.

The basic catalyst may be any one selected from the group
consisting of an amine, a pyridine and a combination thereof.

The compound of formula (2) and the compound of for-
mula (3) may be used at a molar ratio of 1:0.5 to 1:3.0.

According to another aspect of the present invention, there
1s provided a resist composition which contains the above-
described copolymer.

Eftects Of The Invention

When the copolymer of the present invention 1s applied to
a resist composition, a satisfactory resist pattern with high
sensitivity, high resolution, high etching resistance, and a
reduced amount of outgas can be obtained upon the applica-
tion to lithography such as EUV lithography.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the NMR data of the copolymer represented
by the formula (1-11) produced 1 Synthesis Example 1
according to an embodiment of the present invention;

FIG. 2 shows the NMR data of the copolymer represented
by the formula (1-12) produced in Synthesis Example 2
according to an embodiment of the present invention;

FIG. 3 shows the NMR data of the copolymer represented
by the formula (1-13) produced 1 Synthesis Example 3
according to an embodiment of the present invention; and

FIG. 4 shows the NMR data of the copolymer represented
by the formula (1-14) produced i Synthesis Example 4
according to an embodiment of the present invention.

L1l

BEST MODE FOR CARRYING OUT TH
INVENTION

Hereinafiter, the present invention will be described in more
detail.

The terms used 1n this specification have definitions as will
be described below.

Unless particularly stated otherwise, the prefix “hetero-""as
used herein means that one to three carbon atoms are substi-
tuted by heteroatoms selected from the group consisting of

N—,—O—, —S—and —P—. For example, a heteroalkyl
group means that one to three carbon atoms among the carbon
atoms of an alkyl group have been substituted by those het-
eroatoms.

Unless particularly stated otherwise, the term alkanediyl as
used herein means a divalent atomic group obtained by
extracting two hydrogen atoms from an alkane, and may be
represented by the formula: —C H,, —.

Unless particularly stated otherwise, the term cycloal-
kanediyl as used herein means a divalent atomic group
obtained by extracting two hydrogen atoms from a cycloal-
kane.
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Unless particularly stated otherwise, the term arylene as
used hereimn means a divalent atomic group obtained by
extracting two hydrogen atoms from an aryl, and the arylene
may include a moiety containing one benzene ring, as well as
a moiety containing 2 to 7 benzene rings.

Unless particularly stated otherwise, the term alkylarylene
as used herein means a compound containing an alkanediyl
and an arylene, or a derivative thereof.

Unless particularly stated otherwise, the term halogen
atom as used herein means any one selected from the group
consisting of tluorine, chloride, bromine and 10dine.

Unless particularly stated otherwise, the term alkyl group
as used herein includes a linear alkyl group and a branched
alkyl group, and also includes a primary alkyl group, a sec-
ondary alkyl group, and a tertiary alkyl group.

Unless particularly stated otherwise, the term cycloalkyl
group 1ncludes monocyclic, bicyclic, tricyclic and tetracyclic
alkyl groups. The term cycloalkyl group also includes a poly-
cyclic cycloalkyl group such as an adamantyl group or a
norbornyl group.

Unless particularly stated otherwise, the term aryl group as
used herein means a hydrocarbon containing one or two or
more aromatic rings. Examples include a benzyl group and a
naphthyl group.

Unless particularly stated otherwise, the term alkylalkoxy
group means a compound containing an alkoxy group and an
alkanediyl moiety, or a derivative thereof.

Unless particularly stated otherwise, the term pertluoro-
alkyl group means an alkyl group in which a part or all of
hydrogen atoms have been substituted by fluorine atoms.

Unless particularly stated otherwise, the alkanediyl group
means an alkanediyl group having 1 to 40 carbon atoms; the
heteroalkanediyl group means a heteroalkanediyl group hav-
ing 1 to 40 carbon atoms; the cycloalkanediyl group means a
cycloalkanediyl group having 3 to 40 carbon atoms; the het-
erocycloalkanediyl group means a heterocycloalkanediyl
group having 1 to 40 carbon atoms; the arylene group means
an arylene group having 6 to 40 carbon atoms; the het-
eroarylene group means a heteroarylene group having 3 to 40
carbon atoms; the alkylarylene group means an alkylarylene
group having 7 to 40 carbon atoms; the alkyl group means an
alkyl group having 1 to 40 carbon atoms; the heteroalkyl
group means a heteroalkyl group having 1 to 40 carbon
atoms; the cycloalkyl group means a cycloalkyl group having
3 to 40 carbon atoms; the heterocycloalkyl group means a
heterocycloalkyl group having 1 to 40 carbon atoms; the aryl
group means an aryl group having 6 to 40 carbon atoms; the
heteroaryl group means a heteroaryl group having 2 to 40
carbon atoms; the alkoxy group means an alkoxy group hav-
ing 1 to 10 carbon atoms; and the alkylalkoxy group means an
alkylalkoxy group having 2 to 20 carbon atoms.

According to the present invention, the compounds and
substituents may all be substituted or unsubstituted, unless
particularly stated otherwise. Here, the term “substituted”
means that a hydrogen atom has been replaced by any one
selected from the group consisting of a halogen atom, a
hydroxyl group, a carboxyl group, a cyano group, a nitro
group, an amino group, a thio group, a methylthio group, an
alkoxy group, a nitrile group, an aldehyde group, an epoxy
group, an ether group, an ester group, a carbonyl group, an
acetal group, a ketone group, an alkyl group, a cycloalkyl
group, a heterocycloalkyl group, an allyl group, a benzyl
group, an aryl group, a heteroaryl group, a pertluoroalkyl
group, derivatives thereol, and combinations thereof.

The copolymer according to an embodiment of the present
invention contains a repeating unit represented by the follow-
ing formula (1):
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|Chemuical Formula 1|

In the formula (1), R, represents any one selected from the
group consisting of a hydrogen atom, an alkyl group, a het-
eroalkyl group, a cycloalkyl group, a heterocycloalkyl group,
an aryl group, a heteroaryl group, an alkoxy group and an
alkylalkoxy group, and may be any one selected from the
group consisting of an alkyl group having 1 to 10 carbon
atoms, a heteroalkyl group having 1 to 10 carbon atoms, a
cycloalkyl group having 3 to 12 carbon atoms, a heterocy-
cloalkyl group having 3 to 12 carbon atoms, an aryl group
having 6 to 20 carbon atoms, a heteroaryl group having 3 to 20
carbon atoms, an alkoxy group having 1 to 10 carbon atoms,

and an alkylalkoxy group having 2 to 10 carbon atoms.

In the formula (1), R,, R,, R and R, each independently
represent any one selected from the group consisting of a
hydrogen atom and an alkyl group having 1 to 5 carbon atoms,
and each may be any one selected from the group consisting
of a hydrogen atom, a methyl group and an ethyl group.

In the formula (1), nl represents an integer from O to 10,
and may be an integer from O to 3.

In the formula (1), n2 represents an nteger from O to 10,
and may be an integer from O to 3.

In the formula (1), R, represents any one selected from an
alkanediyl group, a heteroalkanediyl group, a cycloal-
kanediyl group, a heterocycloalkanediyl group, an arylene
group, a heteroarylene group, and an alkylarylene group, and
R, may be any one selected from the group consisting of an
alkanediyl group having 1 to 20 carbon atoms, a heteroal-
kanediyl group having 1 to 20 carbon atoms, a cycloal-
kanediyl group having 3 to 20 carbon atoms, a heterocycloal-
kanediyl group having 1 to 20 carbon atoms, an arylene group
having 6 to 30 carbon atoms, a heteroarylene group having 3
to 30 carbon atoms, and an alkylarylene group having 7 to 30
carbon atoms. Preferably, R1 may be any one selected from
the group consisting of a cycloalkanediyl group having 5 to
15 carbon atoms, a heterocycloalkanediyl group having 2 to
15 carbon atoms, an arylene group having 6 to 18 carbon
atoms, a heteroarylene group having 2 to 18 carbon atoms,
and an alkylarylene group having 7 to 20 carbon atoms.

i

T'he copolymer containing a repeating unit represented by
the formula (1) may 1include m pieces of the repeating units,
while m may be 1 to 1000, preferably 1 to 400, and more
preferably 1 to 100. When the copolymer represented by the
formula (1) has repeating units 1n the range of m as described
above, a resist composition having superior line edge rough-
ness and excellent sensitivity and resolution can be obtained.

In the formula (1), R1 may be any one selected from the
group consisting of moieties represented by the following

formulas (1-1) to (1-20).
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-continued
|Chemuical Formula 1-1] |Chemuical Formula 1-9]

R, R.
( l)pgl ( 2);?92

A

[Chemical Formula 1-2] 10
(Rbl)pzl [Chemical Formula 1-10]

S ( ‘ NN (R*"'l)pml ‘
/7 7 15 '!:;'J_‘ fﬁ> /:-H

(Rp2)p \ \ /
Rz
|Chemical Formula 1-3]
(Rcl)p31 0 |Chemuical Formula 1-11]
-../\\ N Relp . (Re2)p O 2\
‘ ‘ PYe P
A \ \
(Rc2)p32 25 \/\RM / /
[Chemical Formula 1_4] [Chemical Formula 1-12]
AN (Rn)p
20 121 (Rp)p
‘ \(Rdl) / \/\ N /% 122 \
P Py K/ ‘
[Chemical Formula 1-5) \ Z # /
(Re1)p (Re2)p 35 |Chemical Formula 1-13]
\ 51 \ 52 / (le)pm
(Res)p_ o [Chemical Formula 1-14]

[Chemical Formula 1-6] f C /\/f”l)f’m \ S
/
(Rﬂ)pﬁl /W 45 \/ /
~ (Rol)pISJ
50

Y

ffé_ \ "\/(RPI)N(RPE)% /_f;

60 |Chemucal Formula 1-17]

s A > R
” \(qu)p 172

|Chemuical Formula 1-15]

|Chemical Formula 1-16]
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-continued
|Chemical Formula 1-18]

/(er)plgl \

7

|Chemical Formula 1-19]

/
\ \

(er)plﬁz

/
AL

In the formulas (1-1)to (1-20),R_,,R,;,R,-,R_;, R ., R ,,
R Ross R R, Ry R, LR R 5, R R, LR, R

Rel?‘ gl “helr “re3d Trodr M1

Rz‘.’Z: le: Rjza Rkl: R,I-:Z: Rfla REZ: R Rnla Ral: R R R

ml? 12 2 12
R, - R, R Ry Ry, Ry and Ry, each indepefldenfly reqi)-
resent any one selected from the group consisting of a hydro-
gen atom, an alkyl group having 1 to 10 carbon atoms and an
alkoxy group having 1 to 10 carbon atoms, and may be each
independently represent any one selected from the group
consisting of a hydrogen atom and an alkyl group having 1 to
S carbon atoms.

In the formulas (1-3), (1-9), (1-10) and (1-11),R,,to R,

cach independently represent any one selected from the group
consisting of O, NR', S and CO, and R' represents any one
selected from the group consisting of a hydrogen atom and an
alkyl group having 1 to 5 carbon atoms. R, to R, may be
cach independently represent any one selected from the group
consisting of O and S.
In the formula (1-1), p,, represents an integer from 1 to 14.
In the formula (1-2), p,, and p,- each independently rep-
resent an integer from 1 to 4, and the sum of p,, and p,, 1s not
greater than 6.

In the formula (1-3), py, and p;, each independently rep-

resent an integer from 1 to 5, and the sum of p5, and p,, 1s not
greater than 8.
In the formula (1-4), p,,, represents an integer from 1 to 4.
In the formula (1-3), p5, and p.; each independently rep-
resent an integer from 1 to 4, and p-, represents an iteger of
1 to 2, while the sum of p., to p<, 1s not greater than 8.

In the formula (1-6), p,, and p.; each imndependently rep-
resent an integer from 1 to 4, and p,, represents an integer of
1 to 2, while the sum of p., t0 ps5 1s not greater than 8.

In the formula (1-7), p-, and p-, each independently rep-
resent an integer from 1 to 3, p-, and p-, each independently
represent an integer of 1 to 2, while the sum of p-, to p-, 1s not
greater than 8.

In the formula (1-8) p., and p4, each independently repre-
sent an 1nteger from 1 to 5, and the sum of p,, and py, 1s not
greater than 8.

In the formula (1-9), py, and p,- each independently rep-
resent an integer from 1 to 5, and the sum of py, and p,, 15 not
greater than 8.

/

/(Rsl)plgl \
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In the formula (1-10), p,,, and p,,, €ach independently
represent an integer from 1 to 3.

In the formula (1-11), p,,, and p,,, each independently
represent an integer from 1 to 3.

In the formula (1-12), p,,, and p,,, each independently
represent an integer from 1 to 3.

In the formula (1-13), p, 5, represents an iteger form 1 to
8.

In the formula (1-14), p,., represents an integer from 1 to
10.

In the formula (1-15), p, 5, represents an integer from 1 to
10.

In the formula (1-16), p,s, and p, -, €ach independently
represent an integer from 1 to 8, and the sum of p, , and p, -
1s not greater than 14.

In the formula (1-17), p,~, and p,-, each independently
represent an integer from 1 to 8, and the sum of p, -, and p, -,
1s not greater than 14.

In the formula (1-18), p,«, represents an integer from 1 to
8, and p, s, represents an integer from 1 to 8, while the sum of
P,s; and p, 4, 1s not greater than 14.

In the formula (1-19), p,,, represents an integer from 1 to
8,and p,,, represents an integer from 1 to 6, while the sum of
Pio; and p, o, 1s not greater than 12.

In the formula (1-20), p,n, represents an integer from 1 to
8, and p,,, represents an integer from 1 to 6, while the sum of
D-o; and p,q, 15 not greater than 12.

The copolymer containing the repeating unmit represented
by the formula (1) may have a weight average molecular

weight as measured by gel permeation chromatography of
500 to 100,000 g/mol, preterably 500 to 70,000 g/mol, and
more preferably 1,000 to 25,000 g/mol.

When the weight average molecular weight of the copoly-
mer 1s 1n the range described above, the copolymer may have
excellent line edge roughness and may provide excellent edge
patterns. Furthermore, 1f the weight average molecular
weight of the copolymer 1s less than 500 g/mol, etching
resistance may be deteriorated, and if the weight average
molecular weight 1s greater than 100,000 g/mol, line edge
roughness, solubility and resolution may be lowered.

The copolymer containing the repeating umt represented
by the formula (1) may have a molecular weight distribution
of 1 to 3, preterably 1 to 4, and more preferably 2 to 3.5.

When the copolymer containing the repeating unit repre-
sented by the formula (1) has a molecular weight distribution
in the range described above, the line edge roughness prop-
erty may become excellent.

The copolymer containing the repeating unit represented
by the formula (1) 1s a novel acetal-based copolymer, and
when a resist composition containing the copolymer 1s used
to form a resist thin film, the resist composition has excellent
film-forming properties, has negligible sublimability, and has
excellent alkal1 developability and etching resistance. There-
fore, the resist composition can be usefully used as a main
ingredient of a resist materal.

According to another embodiment of the present invention,
there 1s provided a method for producing a copolymer con-
taining a repeating unit represented by the formula (1), which
method includes a step of allowing a compound represented
by the following formula (2) and a compound represented by
the following formula (3) to react 1n the presence of a basic
catalyst.
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|Chemical Formula 1]

|Chemical Formula 2]

X]
|

Ry—O (‘3H
X2

|Chemical Formula 3]
O
O
R3 R+
R OH
HO
R4 R /
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In the formula (2), X, and X, each independently represent
any one selected from the group consisting of a halogen atom
and an alkoxy group having 1 to 10 carbon atoms, and X, and
X, may be each independently represent any one selected
from the group consisting of a fluorine atom and a chlorine
atom.

In the formulas (1)to 3),R,, R,, R;, R, R, R, nl and n2
respectively have the same meanings as defined for the for-
mula (1).

The basic catalyst may be any one selected from the group
consisting of amines, including primary amines, secondary
amines and tertiary amines, pyridines, organometallic com-
pounds and combinations thereof.

Specific examples of the basic catalyst that can be used for
the present invention include methylamine, ethylamine, pro-
pylamine, butylamine, ethylenediamine, hexamethylenedi-
amine, dimethylamine, diethylamine, diisopropylamine,
cyclohexylamine, dicyclohexylamine, ethanolamine, dietha-
nolamine, dimethylmonoethanolamine, monomethyldietha-
nolamine, triethanolamine, diazabicyclooctane, diazabicy-
clononene, diazabicycloundecene,
hexamethylenetetraamine, aniline, N,N-dimethylaniline,
pyridine, N,N-dimethylaminopyridine, pyrrole, piperazine,
pyrrolidine, piperidine, picoline, tetramethylammonium
hydroxide, choline hydroxide, tetrapropylammonium
hydroxide, tetrabutylammonium hydroxide, ammonia, trim-
cthylamine, triethylamine, tripropylamine, dimethylethy-
lamine, dimethylisopropylamine, diethylmethylamine, dim-
cthylbutylamine, dimethylhexylamine,
duisopropylethylamine, dimethylcyclohexylamine, tetram-
cthyldiaminomethane, dimethylbenzylamine, tetramethyl-
cthylenediamine, tetramethyl-1,4-aminobutane, tetramethyl-
1,3-diaminobutane, tetramethyl-1,6-diaminohexane,
pentamethyldiethylenetriamine, 1-methylpiperidine, 1-eth-
ylpiperidine, N,N-methylpiperazine, N-methylmorpholine,
1,8-diazabicyclo[5.4.0]-7-undecene (DBU), 1,5-diazabicy-
clo[4.3.0]-5-nonene (DBN), 2.4-diazabicyclo[2.2.2]octane
(DABCO), N,N-dimethylaniline, N,N-diethylaniline,
lithium hydroxide, sodium hydroxide, potassium hydroxide,
bartum hydroxide, calcium hydroxide, potassium carbonate,
and combinations thereof.

When any one selected from the group consisting of the
above-described amines, pyridines and combinations thereof
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1s used as the basic catalyst, 1t 1s advantageous 1n that when
the copolymer 1s applied to an electronic material, the content
of metal impurities can be minimized. Examples of the
amines and pyridines that can be used for the present mven-
tion include methylamine, ethylamine, propylamine, buty-
lamine, ethylenediamine, hexamethylenediamine, dimethy-
lamine, diethylamine, diisopropylamine, cyclohexylamine,
dicyclohexylamine, ethanolamine, diethanolamine, dimeth-
ylmonoethanolamine, monomethyldiethanolamine, trietha-
nolamine, diazabicyclooctane, diazabicyclononene, diazabi-
cycloundecene, hexamethylenetetraamine, aniline, N,N-
dimethylaniline, pyridine, N,N-dimethylaminopyridine,
pyrrole, piperazine, pyrrolidine, piperidine, picoline, tetram-
cthylammonium hydroxide, choline hydroxide, tetrapropy-
lammonium hydroxide, tetrabutylammonium hydroxide,
ammonia, trimethylamine, triethylamine, tripropylamine,
dimethylethylamine, dimethylisopropylamine, diethylm-
cthylamine, dimethylbutylamine, dimethylhexylamine,
dusopropylethylamine, dimethylcyclohexylamine, tetram-
cthyldiaminomethane, dimethylbenzylamine, tetramethyl-
cthylenediamine, tetramethyl-1,4-aminobutane, tetramethyl-
1,3-diaminobutane, tetramethyl-1,6-diaminohexane,
pentamethyldiethylenetriamine, 1-methylpiperidine, 1-eth-
ylpiperidine, N,N-methylpiperazine, N-methylmorpholine,
1,8-diazabicyclo[5.4.0]-7-undecene (DBU), 1,5-diazabicy-
clo[4.3.0]-5-nonene (DBN), 2.4-diazabicyclo[2.2.2]octane
(DABCO), N,N-dimethylaniline, and N,N-diethylaniline.
More preferably, the basic catalyst may be any one selected
from the group consisting of trimethylamine, triethylamine,
tripropylamine and combinations thereof.

The reaction process may involve the use of a reaction
solvent, and can be carried out at a certain reaction tempera-
ture for a certain reaction time.

The reaction solvent may be any solvent that 1s capable of
dissolving the compound represented by the formula (2) and
the compound represented by the formula (3), or capable of
dissolving the copolymer containing the repeating unit rep-
resented by the formula (1).

The reaction solvent may be any one selected from the
group consisting of esters, ethers, lactones, ketones, amides,
alcohols and combinations thereof. Specific examples of the
reaction solvent include methanol, ethanol, propanol,
butanol, 2-methyl-1-propanol, acetone, acetonitrile, tetrahy-
drofuran, dimethyl sulfoxide, toluene, hexane, ethyl acetate,
cthyl ether, cyclohexanone, methyl 2-n-amyl ketone, buty-
anediol monomethyl ether, propylene glycol monomethyl
cther, ethylene glycol monomethyl ether, butanediol mono-
cthyl ether, propylene glycol monoethyl ether, ethylene gly-
col monoethyl ether, propylene glycol dimethyl ether, dieth-
ylene glycol dimethyl ether, propylene glycol monomethyl
cther acetate, propylene glycol monoethyl ether acetate, ethyl
pyruvate, butyl acetate, methyl 3-methoxypropionate, ethyl
3-ethoxypropionate, tert-butyl acetate, tert-butyl propionate,
propylene glycol mono-tert-butyl ether acetate, y-butyrolac-
tone, dichloromethane, chloroform, carbon tetrachloride,
acetonitrile, dioxane, dimethylformamide, dimethylaceta-
mide, and combinations thereof.

The reaction solvent may be preferably any one selected
from the group consisting of dichloromethane, chloroform,
carbon tetrachloride, acetonitrile, ethyl acetate, ethyl ether,
dioxane, dimethylformamide, dimethylacetamide, ethanol,
methanol, 1sopropanol, acetone, and combinations thereof,
and more preferably, any one selected from the group con-
sisting of dichloromethane, dimethylformamide and combi-
nations thereof can be applied.

The reaction temperature may be —20° C. to 150° C., and
preferably 0° C. to 70° C. If the reaction temperature 1s lower




US 8,853,345 B2

13

than —20° C., stirring may be difficult during the reaction step,
and 1f the reaction temperature 1s higher than 150° C., the
production of side products may increase.

The reaction time may be 0.5 to 15 hours, and preferably 1
to 10 hours. When the reaction time 1s within the range
described above, an appropriate yield may be achieved during
the reaction process.

In the reaction process, the compound represented by the
formula (2) and the compound represented by the formula (3)
can be used at amolar ratio of 1:0.5 to 1:3.0, and preferably at
amolarratio o1 1:0.8 to 1:1.7. When the reaction 1s carried out
by mixing the compound represented by the formula (2) and
the compound represented by the formula (3) at the molar
rat1o described above, the reaction vield can be increased.

The reaction process includes a step of dissolving the com-
pound represented by the formula (2) 1n the reaction solvent
described above, adding the compound represented by the
formula (3) and the basic catalyst to the reaction solvent to
prepare a reaction solution; a step of carrying out the reaction
while stirring the reaction solution at the reaction temperature
specified above for the reaction time specified above; and a
step ol purifying the reaction solution aiter completion of the
reaction.

The basic catalyst 1s can be applied 1n an amount of 1 to 10
molar equivalents, or 1n an amount of 1 to 5 equivalents by
weight, based on the compound represented by the formula
(2).

The step of punifying the reaction solution may be carried
out by applying any method capable of puritying the copoly-
mer containing the repeating unit represented by the formula
(1), and may include a washing step of diluting the reaction
product with an organic solvent, and washing the dilution
with an excess amount of distilled water, an aqueous solution
ol potassium carbonate, and distilled water 1n this order; a
separation step of separating the organic layer; and a collec-
tion step of precipitating the separated organic layer with a
mixed solvent of water and methanol, and filtering and drying,
the precipitate.

The copolymer containing the repeating unit represented
by the formula (1) that has been polymerized by the method
described above 1s a polyacetal-based resin, and can be uti-
lized not as a conventional radical copolymer but as a molecu-
lar glass type resist.

Furthermore, the copolymer has an incorporated acetal
structure so that the copolymer can also be utilized as a single
molecule type resist composition with improved sensitivity.

The copolymer can be included 1n a photoresist composi-
tion together with a photo-acid generator and additives, and in
this case, the photoresist composition can be applied as a
resist material having high heat resistance, excellent film-
forming properties, and improved alkali developability and
etching resistance, with almost no sublimabaility.

Particularly, the copolymer 1s useful as a main ingredient
forming a thin film of resist, and when the copolymer 1is
applied to a positive resist composition which 1s exposed to
extreme ultraviolet (EUV) radiation or an electron beam,
superior elfects may be obtained.

The resist composition according to another embodiment
of the present invention contains the copolymer containing a
repeating unit represented by the formula (1).

The resist composition can further contain any one selected
from the group consisting of a photo-acid generator, a sol-
vent, additives and combinations thereof. In regard to the
additives, any additives that are conventionally applied to
resist compositions can be applied, and specific examples
include an alkali dissolution inhibitor, an acid diffusion
inhibitor, a surfactant, a sensitizer and combinations thereof.
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The photo-acid generator may any compound capable of
generating acid upon exposure, and examples thereof include
onium salt compounds, sulfonyloxyimide compounds, sulfo-
nium salt compounds and 1odide salt compounds. Further
examples include sulfone compounds, sulfonic acid ester
compounds, diazonium salt compounds, disulfonylmethane
compounds, oxime sulfonate compounds, and hydrazine sul-
fonate compounds, but the photo-acid generator 1s not
intended to be limited to these.

The solvent may be any organic solvent that 1s convention-
ally applied to a resist composition, and specific examples
include lactones, amides, aromatic hydrocarbons, ketones,
esters (including aliphatic carboxylic acid esters, lactic acid
esters, and propylene glycol monoalkyl ether acetate), propy-
lene glycol dialkyl ethers, propylene glycol monoalkyl
cthers, and ethylene glycol monoalkyl ether acetates.

The alkal1 dissolution inhibitor may be any alkali dissolu-
tion 1nhibitor that 1s conventionally applied to a resist com-
position, and a phenolic dernivative or a carboxylic acid
derivative may eb used.

The acid diffusion inhibitor has an effect of controlling the
diffusion of an acid generated by light irradiation in the resist
film, and thereby suppressing a chemical reaction in unex-
posed areas. Examples that can be applied include nitrogen
compounds, such as amines including monoalkylamines,
such as n-hexylamine, and diethylenediamine, but the acid
diffusion mhibitor 1s not limited to these.

The surfactant 1s intended to improve coatability, develop-
ability and the like, and examples thereof include, but are not
limited to, polyoxyethylene lauryl ether, polyoxyethylene
stearyl ether, polyoxyethylene, and polyethylene glycol
dilaurate.

Examples of the sensitizer that can be applied include
benzoazoles, anthracenes, and carbazoles, but the examples
are not limited to these.

The resist composition can contain the copolymer contain-
ing the repeating unit represented by the formula (1) 1n an
amount ol 1% to 99% by weight relative to the total amount of
the resist composition.

The resist composition may contain the copolymer con-
taining a repeating unit represented by the formula (1) 1n an
amount ol 5% to 15% by weight, and the solvent 1n an amount
of 90% to 75% by weight, relative to the total amount of the
resist composition, with the balance being the photo-acid
generator and the additives.

The resist composition can be used to form a resist pattern
by a resist pattern forming method which includes a step of
forming a resist film on a substrate, a step of exposing the
resist {ilm, and a step of developing the resist film to form a
resist pattern.

Specifically, the resist composition 1s applied on a substrate
such as a silicon wafer, using a spinner or the like, and the
applied resist composition 1s treated by prebaking to thereby
form a resist film. The resist film 1s selectively exposed and
patterned using an exposure apparatus such as an EUV expo-
sure apparatus, and then 1s subjected to post-exposure bake
(PEB) and development with an alkal1 developer liquid. Sub-
sequently, the developed resist film 1s washed and drnied, and
thus a resist pattern can be obtained.

The exposure can be carried out using far-ultraviolet radia-
tion, KrF excimer laser light, ArF excimer laser light, EUV,
vacuum UV (VUV), X-radiation, an electron beam or the like,
and particularly, EUV, VUV, X-radiation and an electron
beam are useful.

EXAMPLES

Heremaftter, the present invention will be described 1n
detail by way of Examples, so that the invention can be easily
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carried out by a person having ordinary skill in the art to
which the present invention 1s pertained. However, the
present invention can be realized 1n various different embodi-
ments, and 1s not intended to be limited to the Examples that
will be described below.

Synthesis Examples for Copolymer

Synthesis Example 1

50 g (0.198 moles) of 1,3-adamantane diacetic acid, which
1s a compound represented by the formula (2), was dissolved
in dimethylacetamide solvent, and then 22.8 g (0.198 moles)
of dichloromethyl methyl ether was slowly poured to the
solution at room temperature (25° C.). At the same tempera-
ture, 44 ¢ (0.435 moles) of triethylamine was slowly added to
the solution, and thus a reaction solution was prepared.

The reaction solution was allowed to react while stirred for
5 hours, and the reaction solution was diluted with ethyl
acetate. The dilution was washed three times with an excess
amount of distilled water, and then was washed again with an
aqueous solution of potassium carbonate and with distilled
water.

The reaction solution was separated to obtain an organic
layer, and the organic layer was concentrated. The concen-

trated reaction product was precipitated by using a mixed
solution of distilled water and methanol, and then the precipi-
tate was filtered and dried. Thus, 48 g (vield 82%) of a
copolymer containing a repeating unit represented by the
following formula (1-11) was obtained. The copolymer con-
taining the repeating unit represented by the following for-
mula (1-11) had a weight average molecular weight as mea-
sured by gel permeation chromatography of 5,280 g/mol, and
a molecular weight distribution o1 3.38. The NMR data of the
copolymer of the formula (1-11) are presented 1n FIG. 1.

|Chemical Formula 1-11]

/ an
O O O
O/l\o/u\j?j
Synthesis Example 2

A reaction was carried out 1n the same manner as 1n Syn-
thesis Example 1, except that 50 g (0.231 moles) of naphtha-
lene-1.,4-dicarboxylic acid was used instead of 50 g of the
1,3-adamantanediacetic acid used in Synthesis Example 1.
Thus, 51 g (vield 85%) of a copolymer containing a repeating
unit represented by the following formula (1-12) was
obtained. The copolymer contaiming the repeating unit repre-
sented by the following formula (1-12) had a weight average
molecular weight as measured by gel permeation chromatog-
raphy of 6,647 g/mol, and a molecular weight distribution of
3.15. The glass transition temperature (1Tg) was 110.6° C. The
NMR data of the copolymer of formula (1-12) are presented
in FIG. 2.
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|Chemical Formula 1-12]

"

X O O O
0)\0

Synthesis Example 3

A reaction was carried out in the same manner as 1 Syn-
thesis Example 1, except that 50 g (0.194 moles) of 4.4-
oxybisbenzoic acid was used instead of 50 g of the 1,3-
adamantanediacetic acid used in Synthesis Example 1. Thus,
55 g (yield 94.5%) of a copolymer containing a repeating unit
represented by the following formula (1-13) was obtained.
The copolymer containing the repeating unit represented by
the following formula (1-13) had a weight average molecular
welght as measured by gel permeation chromatography of
27,479 g/mol, and a molecular weight distribution of 3.85.
The glass transition temperature (T'g) was 138.9° C. The
NMR data of the copolymer of formula (1-13) are presented
in FIG. 3.

[Chemical Formula 1-13]

CHsj
O O O
O/\O
O
Synthesis Example 4

A reaction was carried out in the same manner as 1 Syn-
thesis Example 1, except that 50 g (0.3 moles) of m-phe-
nylenedicarboxylic acid was used instead of 50 g of 1,3-
adamantanediacetic acid used in Synthesis Example 1. Thus,
53 g (vield 85%) of a copolymer containing a repeating unit
represented by the following formula (1-14) was obtained.
The copolymer containing the repeating unit represented by
the following formula (1-14) had a weight average molecular
weight as measured by gel permeation chromatography of
2,928 g/mol, and a molecular weight distribution o1 2.42. The

NMR data of the copolymer of formula (1-14) are presented
in FIG. 4.

|Chemical Formula 1-14]
CH;

//\JLO!LOJ > /

\\

£
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Examples and Comparative Examples

Formation of Resist and Property Evaluation

Resist compositions of Examples and Comparative
Examples were respectively mixed at the compositions and
content ratios as indicated in the following Table 1, and the
mixtures were filtered through a 0.2-um membrane filter.
Thus, resist solutions were prepared. Each of the resist solu-
tions was applied on a silicon waler substrate using a spinner,
and was dried at 110° C. for 90 seconds to form a resist film
having a thickness of 0.20 um. The resist film was exposed

using an E-beam exposure apparatus, BX9300FS (JEOL,
Ltd.) under the conditions of 100 keV, and after exposure, the
resist film was subjected to a heat treatment (post-exposure
bake) at 110° C. for 90 seconds, and to development with a
2.28 wt % aqueous solution of tetramethylammonium
hydroxide as a developer liquid for 40 seconds. The devel-
oped resist film was washed and dried, and thus a resist
pattern was formed. The evaluation results for the Examples
and Comparative Examples are presented 1n Table 1.

TABLE 1
Resin *PAG  *Base
(100 (parts (parts
parts by by by Sensitivity Resolution LER
weight)  weight) weight) (uC/cm?) (nm)  (nm)
Example 1  Synthesis 4.0 0.5 30 70 3
Example
1
Example 2  Synthesis 4.0 0.5 40 70 4
Example
2
Example 3  Synthesis 4.0 0.5 50 90 5
Example
3
Example 4  Synthesis 4.0 0.5 30 60 3
Example
4
Comparative  Resin A 4.0 0.5 80 100 6
Example 1

*PAG: Triphenylsulfonium triflate
*BASE: Tetramethylammonium hydroxide as a basic additive
* Resin A of Comparative Example: Copolymer represented by the following formula (4)

|Chemical Formula 4]

eps
3

The sensitivity was determined such that the exposure
amount which can form a 0.10-um line-and-space (L/S) pat-
tern at a line width of 1:1 after development, was designated
as the optimum exposure amount, and the optimum exposure
amount was used to indicate sensitivity. The mimmum pattern
dimension obtained at this time was designated as the reso-
lution. Smaller values of the sensitivity and resolution 1ndi-
cate superior characteristics.

The LER (line edge roughness) was determined by observ-
ing the roughness of a 0.10-um line-and-space (L/S) pattern
tformed after development. A smaller value of LER indicates
superior LER characteristic.
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From the results of Table 1, 1t can be confirmed that the
Examples all exhibited excellent effects in terms of sensitiv-
ity, resolution and line edge roughness, as compared with the
Comparative Examples. Furthermore, Examples 1 and 3
exhibited superior results 1n terms of sensitivity and line edge
roughness.

Preferred embodiments of the present invention have been
described above 1n detail. However, the invention in its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A copolymer having a main chain comprising a repeat-
ing unit represented by the following formula (1):

|Chemuical Formula 1]

wherein R1 represents any one selected from the group con-
sisting ol an alkanediyl group, a heteroalkanediyl group, a
cycloalkanediyl group, a heterocycloalkanediyl group, an
arylene group, a heteroarylene group, and an alkylarylene
group;
R2 represents any one selected from the group consisting,
of a hydrogen atom, an alkyl group, a heteroalkyl group.,
a cycloalkyl group, a heterocycloalkyl group, an aryl

group, a heteroaryl group, an alkoxy group and an alky-
lalkoxy group;

R3, R4, R5 and R6 each independently represent any one
selected from the group consisting of a hydrogen atom
and an alkyl group having 1 to 5 carbon atoms;

nl represents an iteger from O to 10; and

n2 represents an nteger from 0O to 10.

2. The copolymer according to claim 1, wherein R1 repre-
sents any one selected from the group consisting of moieties
represented by the following formulas (1-1) to (1-4):

|Chemuical Formula 1-1]

|Chemuical Formula 1-2]
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-continued
|Chemuical Formula 1-3]

R

‘ AN
e

(i,

wherein 1n the formulas (1-1) to (1-4),

Ral, Rb1l, Rb2, Rcl, Rc2 and Rdl each independently
represent any one selected from the group consisting of
an alkyl group having 1 to 10 carbon atoms and an
alkoxy group having 1 to 10 carbon atoms;

R10 represents any one selected from the group consisting,
of O, NR', S and CO:;

R! represents any one selected from the group consisting of
a hydrogen atom and an alkyl group having 1 to 5 carbon
atoms;

P11 represents an iteger from 1 to 14;

P21 and P22 each independently represent an integer from
1 to 4, and the sum of P21 and P22 1s not greater than 6;

P31 and P32 each independently represent an integer from
1 to 35, and the sum of p31 and p32 1s not greater than 8;
and

P41 represents an integer from 1 to 4.

3. The copolymer according to claim 1, wherein the
copolymer has a weight average molecular weight as mea-
sured by gel permeation chromatography of 500 to 100,000
g/mol.

4. A method for producing a copolymer having a main
chain containing a repeating unit represented by the following
formula (1), the method comprising allowing a compound
represented by the following formula (2) and a compound
represented by the following formula (3) to react 1n the pres-
ence of a basic catalyst:

|Chemical Formula 1-4]

|Chemical Formula 1]
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-continued
|Chemuical Formula 2|
X]
|
Ry—0O (‘3H
X>
|Chemical Formula 3|
O O
R3 Rl RS
HO OH
R4 nl R6 n2

wherein 1n the formulas (1) to (3),

R1 represents any one selected from the group consisting,
of an alkanediyl group, a heteroalkanediyl group, a
cycloalkanediyl group, a heterocycloalkanediyl group,
an arylene group, a heteroarylene group, and an alky-
larylene group;

R2 represents any one selected from the group consisting
of a hydrogen atom, an alkyl group, a heteroalkyl group,
a cycloalkyl group, a heterocycloalkyl group, an aryl
group, a heteroaryl group, an alkoxy group and an alky-
lalkoxy group;

R3, R4, R5 and R6 each independently represent any one
selected from the group consisting of a hydrogen atom
and an alkyl group having 1 to 5 carbon atoms;

X1 and X2 each independently represent any one selected
from the group consisting of a halogen atom and an
alkoxy group having 1 to 10 carbon atoms;

nl represents an integer from O to 10; and

n2 represents an integer from O to 10.

5. The method for producing a copolymer according to
claim 4 containing a repeating unit represented by the for-
mula (1), wherein the basic catalyst 1s any one selected from
the group consisting ol an amine, a pyridine and combina-
tions thereol.

6. The method for producing a copolymer according to
claim 4 containing a repeating unit represented by the for-
mula (1), wherein the compound of formula (2) and the com-
pound of formula (3) are used ata molar ratio o1 1:0.5 to 1:3.0.
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